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Modern compressor units of turbine jet engines are systems that must maintain a high level of reliability at very high loads. These loads result from the need to obtain a large compression (now a 50-fold increase in pressure) at high values of air flow, which in turn translates into the efficiency of the drive unit. Due to these issues, the design process of axial compressor assemblies is very complex. We are looking for a configuration that will increase their durability and performance, as well as effective methods of detection, elimination and prevention of damage occurring during the operation of these components. Methods using numerical simulations or experimental methods that can help in the diagnosis of these components are still being developed. A popular and constantly developed research direction is the analysis of the impact of damper blades' vibrations on the vibration level and the viability of these elements (for example, crack propagation is examined). Works [1] [2] [3] analyzed the impact of damage geometry, as well as the impact of its location (including on the leading edge) on natural frequency or fatigue strength. On the basis of numerical and experimental analyzes, it was shown that the fatigue strength of the blade decreased in the case of damage located close to the blade lock [2] .
The usefulness of numerical methods in damage analysis is also confirmed by papers [4, 5] . The first one presents the CFD analysis of compressor efficiency with a damaged blade (with the tip of the blade tip curled), and in the second -the analysis of the effects of a foreign object debris (FOD) collision.
This article is to explain the causes of damage occurring during the operation of compressors. In addition, it presents an analysis of the impact of selected damage to the blade of a high-pressure compressor blade on the work of contact surfaces in the lock.
Damages and their causes
Compressibility of compressors for various types of operational damage results from difficult working conditions and the location of these components in the whole structure. The blades of the steering wheel rims and the impeller rims are most exposed to damage. Damage can also result from improper repairs, insufficient inspections and external factors, including from collision with ice cubes, birds or so-called foreign bodies (FOD) sucked through the inlet from the surface of the runway. Working in dusty conditions causes a large amount of dust to be sucked into the flow channel of the engine, which leads to erosive wear of components, mainly compressors and bearings [6, 7] . Other typical operational damage of the compressor elements may include: scratches causing material cracking, bruising, dents, rips and losses of material caused by cracking of the surface, creases and distortions of the surface, changing the initial shape or outline of the element ( fig. 1 ). Because the technical condition and efficiency of the compressor affect the performance and life of the engine, it is important to carry out regular inspections of the rotor unit. The engine manufacturers in the service manuals precisely define the types and sizes of acceptable damage, as well as the possibilities and possible repairs. In the case of compressor sets, consisting usually of several stages connected together, the inspection ranges and damage sizes are characterized individually for each stage. The data show that the smallest damage qualifying the element to be replaced is damage on the leading or trailing edge. Such damage, such as nicks or defects of the material, cannot reach a depth of more than 1.0 mm, while dents -to a depth of more than 1.5 mm.
Here are three examples of compressor failures (from the last 10 years) involving civil aircraft:  August 2008 -Airbus A321 with a V2533 engine -damage to the sixth degree of a high pressure compressor as a result of the so-called engine being sucked in by the engine. foreign body (FOD) [8] .  July 2010 -Boeing 777-200 with PW 4090 engine -damage to all four stages of the low-pressure compressor and three of five stages of the high-pressure compressor. According to the JTSB (Japan's Transportation Safety Board) report, the cause of the compressor's destruction was the closure of the IGV (inlet rim of the steering wheels) during the construction of the aircraft, which caused airflow disruption and vibration-critical components of the compressor ( fig. 2) 
Numerical analysis
The numerical FEM analysis was subjected to a blade section with blades. The undamaged model and model with shoulder damage were examined. The geometrical model of the element was created using the reverse engineering process based on the real geometry of the blade (fig. 4) . Fig. 4 . Model of the analyzed disk section Three cases of damage to the blade's blade were selected for the analysis. They are presented in fig. 5 . These damages differ in the degree of material loss on one of the three blades (middle blade) of the considered slice (see table) . Ti-6Al-4V titanium alloy used in this type of real constructions was used for calculations. The structure load is the inertia forces resulting from the rotational speed set in relation to the axis of rotation, and thermal loads. The adopted rotational speed varies from 300 to 1200 rad/s. The analyzes included 16 different cases. The distributions of maximum stresses and pressures on contact surfaces of the blade-disc were determined. Three types of damage were considered and -for comparison -a model with an undamaged blade. Distributions of stresses and pressures at varying rotational speed are shown in fig. 6 .
The analyzes carried out allowed to assess how much damage to the blade pen affects the work of the contact surfaces of the lock-rim (including the damaged blade and the blades adjacent to it in the disk). It can be seen that for damage 2 (i.e. weight loss along the entire leading edge) higher stresses and pressures (pressures) were obtained at a low speed range (300÷600 rad/s) than for the other considered cases. Other damages caused only a slight increase in stresses on the contact surfaces, e.g. at 900 rad/s -from 45 MPa for an undamaged blade to approx. 49÷50 MPa for the damaged blade. At 1200 rad/s, comparable stress values (at 80 MPa) were obtained for all failures.
Conclusions
Low rotational speed may sometimes have a more critical effect on the cooperating elements of the compressor rotor than the speed from the standard operating range of such constructions. As a consequence, fatigue damage can occur in the area of the rim or shoulder blade. Damage to compressor assemblies is complex and it is still necessary to know the causes of failure of drive units of modern turbine engines. The development of new technologies, materials and research methods and the introduction of additional inspections is still not enough, which is very well illustrated by the statistics presented by ICAO.
Problems of damage to drive units, in particular rotor units, are still a field for development and research.
